
Vol.:(0123456789)1 3

Journal of Endocrinological Investigation (2022) 45:1955–1965 
https://doi.org/10.1007/s40618-022-01830-6

ORIGINAL ARTICLE

Mean GH profile is more accurate than single fasting GH 
in the evaluation of acromegaly disease control during somatostatin 
receptor ligands therapy

C. Bona1  · N. Prencipe1 · A. M. Berton1 · F. Bioletto1 · M. Parasiliti‑Caprino1 · V. Gasco1 · E. Ghigo1 · S. Grottoli1

Received: 28 February 2022 / Accepted: 28 May 2022 / Published online: 24 June 2022 
© The Author(s) 2022

Abstract
Purpose This study aims to compare the accuracy of mean GH profile (GHP) < 2.5 ng/ml and single fasting GH (SGH) 
< 1 ng/ml in the evaluation of disease control in acromegaly patients during somatostatin receptor ligands (SRLs) therapy.
Methods We retrospectively enrolled 100 acromegaly patients, 68 responder, and 32 partial responder to SRLs. Controlled 
disease has been defined as IGF-I levels within age-related normal limits, while partial response as pathological IGF-I values 
despite a reduction ≥ 50%. In all patients, GHP, SGH, IGF-I, and IGFBP-3 were evaluated.
Results Median GHP levels (1.2 ng/ml, IQR 0.5–2.3 ng/ml) were lower (p = 0.001) than SGH (1.9 ng/ml, IQR 1.0–3.6 ng/
ml). Accuracy of GHP was 81%, whereas that of SGH was 55%, with a Kappa index of 0.520 and 0.237, respectively. In 
multivariable analysis GHP (p = 0.002) and IGFBP-3 (p = 0.004), but not SGH, were independently associated with normal 
IGF-I levels. At receiver–operator characteristic curve (ROC) analysis GHP cut-off sensitivity and specificity were 94.1% 
and 50.0%, respectively, while SGH sensitivity and specificity were 35.3% and 93.7%, respectively. Finally, in obese patients 
the GH cut-off level (both as SGH and GHP) associated to good disease control was significantly different with respect to 
not obese ones.
Conclusions GHP associates with IGF-I (and therefore with appropriate control of disease) with higher accuracy than 
SGH. When GH evaluation is needed, the measurement of mean GHP should be preferred and use of BMI-related cut-offs 
is suggested.
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Introduction

Acromegaly is a rare disease that is most often caused by a 
growth hormone (GH) secreting pituitary tumor, associated 
with several comorbidities (e.g., cardiovascular, metabolic, 
and osteoarticular diseases), impaired quality of life, as well 
as increased mortality. Growth hormone and IGF-I are the 
biochemical parameters used to diagnose acromegaly and 
to assess disease activity during treatment and last GH and 
IGF-I levels are fundamental mortality prognostic determi-
nants [1, 2].

Indeed, several studies have related control of acromeg-
aly, defined as a normal IGF-I value [1, 3–5] and/or a GH 
concentration below a specific cut-off [6–10], to an improved 
mortality risk and a lower prevalence of several comorbidi-
ties. Therefore, the consensus statements are focused mainly 
on restoration of “safe” GH levels,, which stand for plasma 
GH level below which the mortality rate approaches that 
of a normal population, and normalization of IGF-I val-
ues [11–13]. The biochemical target for GH concentration 
has changed over time, while this is not the case for IGF-I, 
having always been considered those within normal age-
matched range.

In 2000, Cortina Criteria [11] established that normal 
age-matched IGF-I levels and a mean integrated 24-h GH 
levels of less than 2.5 ng/ml exclude active acromegaly and 
result in normalization of mortality rates. Moreover some 
epidemiological studies used a single GH measurement, 
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advancing the idea of a “safe” GH level estimated as being 
less than 2.5 ng/l [9, 10].

More recent Consensus [14, 15] instead indicated that 
the best cut-off for GH is random (or fasting) GH < 1.0 ng/
ml. These evolving targets are due to mortality studies that 
demonstrated that lower the GH levels, lower the standard-
ized mortality rate (SMR) [2].

In clinical practice, when both GH and IGF-I are meas-
ured, the results do not always yield the same conclusion 
regarding the response to treatment.

The most important determinant for health, however, 
is generally considered to be IGF-I, as documented from 
some studies focusing on discrepancy: in Belgium Regis-
try [16, 17] patients with elevated IGF-I, even when with 
normal GH, had persistently active disease (deterioration of 
metabolic profile, radiologic evidence of disease progres-
sion, etc.). Moreover, Ronchi et al.[18] demonstrated that, 
in post-surgery patients with normal IGF-I values, metabolic 
parameters as well as prognosis were independent from GH 
levels.

The degree of discrepancy between GH and IGF-I 
depends at least in part on the cut-off used for the GH meas-
urement: lower the GH cut-off, higher the probability of 
discrepancy, even though in the study by Machado et al. 
[19], no relevant reduction in the prevalence of discordance 
(that had instead been reported in other class of acromegaly 
patients, such as at diagnosis or after surgery) was observed 
in patients studied during treatment with octreotide LAR 
when the cut off level of GH was changed from 2.5 to 1 ng/
ml. This was because patients with elevated GH levels and 
normal IGF-I were still discordant even when reducing GH 
cut-off.

Another factor to take into account when using single GH 
measurements (random and/or fasting), is that they can be 
influenced by a huge biological variability [20] and could 
possibly not reflect the prevailing daily hormonal output.

As a result of these considerations, aim of our study was 
to compare the two different “safe” GH cut-off values which 
were proposed in literature, both as GH profile and single 
fasting GH, about their reliability in defining treatment 
control in acromegaly patients under somatostatin receptor 
ligands (SRLs) therapy.

Materials and methods

We retrospectively studied 100 acromegalic patients under 
SRLs followed up in our outpatient clinic. Inclusion criteria 
were: (1) active acromegaly (diagnosed as elevated IGF-I 
levels and failure to suppress GH < 1.0 ng/ml at OGTT) due 
to GH-secreting pituitary adenoma; (2) SRLs treatment for 
at least 12 months; (3) available GH profile and IGF-I evalu-
ations; and (4) with biochemical evaluations performed in 

the same laboratory, using the same assays for both GH and 
IGF-I measurements. Exclusion criteria were: (1) treatment 
with Pegvisomant, (2) changes in the treatment schedule 
within last 12 months and (3) severe chronic kidney disease, 
severe uncontrolled diabetes mellitus, liver disease, malnu-
trition, as comorbidities that could impact the concordance 
of IGF-I and GH levels. Patients who did not show response 
to SRLs were not included, since GH profile was per-
formed only when significant reduction in IGF-I levels was 
recorded, as in this subset of patient discrepancy between 
GH and IGF-I status could be challenging for clinicians.

Patients were divided in SRLs responders (SRLs-R; 
n = 68) and in SRLs partial responders (SRLs-PR, n = 32). 
Responsiveness was defined as normal IGF-I levels, 
while partial responsiveness as a reduction in IGF-I val-
ues of at least 50% versus pre-treatment ones. All SRLs-R 
patients were long-term (median 7 years, IQR 6–8 years, 
range 1–20 years) treated with SRLs (n = 52 with Octre-
otide LAR, dose range 10 mg/28 days–30 mg/28 days; 
n = 16 with Lanreotide long-acting dose range 
60 mg/70 days–120 mg/28 days; no one of the patients was 
treated with Pasireotide); the therapy was stable (at the same 
dosage) for 2–5 years. SRLs-PR patients were under SRLs 
treatment for 12 months at least at the maximal dose permit-
ted by Italian regulatory rules, at the time of the study.

The study adhered to the principles of the Declaration 
of Helsinki and was approved by the Ethics Committee of 
the “A.O.U. Città della Salute e della Scienza”, University 
Hospital of Turin. All subjects gave their informed consent 
to participate.

Disease activity control was assessed evaluating IGF-I, 
IGFBP-3 and mean serum GH from a 5 points profile (every 
30’) and SGH levels (considered as the first sample of GHP). 
Blood samples were collected in the morning (first sam-
ple between 08.00 and 09.00 h), after an overnight fasting. 
All hormonal assays were performed the morning before 
SRLs administration. Hormonal deficiencies, if present, 
were treated with specific adequate replacement therapy. 
No female patients were on oral estrogens (OE) treatment.

All GH and IGF-I were measured by the same assay and 
in the same laboratory.

Serum GH levels (ng/ml) were measured in duplicate 
by IRMA (IRMA GH, Beckman Coulter, Czech Republic). 
The sensitivity of the assay was 0.03 ng/ml. The inter- and 
intra-assay coefficients of variation (CV) were 9.0–14.0% 
and 2.4–6.5%, respectively.

Serum IGF-I levels (ng/ml) were measured in duplicate 
by RIA (SM-C-RIA-CT, DIAsource ImmunoAssays, Bel-
gium) after acid- ethanol extraction to avoid interference by 
binding proteins. The sensitivity of the method was 0.25 ng/
ml. The inter- and intra-assay CV were 6.8–14.9% and 
4.5–7.0%, respectively. Serum IGFBP-3 levels (μg/ml) were 
measured in duplicate by IRMA method (Immunodiagnostic 
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System, UK). The sensitivity of the assay was 0.05 μg/ml. 
Inter- and intra-assay CV were 6.3–12.4% and 4.85–9.65%, 
respectively.

Blood glucose was measured on serum by immunometric 
assays on the chemistry analyzer AU5800 (Beckman Coul-
ter Inc, Brea CA, USA). The sensitivity of the assay was 
0.7 mg/dl. The inter- and intra-assay coefficients of variation 
(CV) were 1.6% and 0.7%, respectively.

Glycosylated hemoglobin (HbA1c) was measured on 
whole blood using an ion-exchange high-performance liquid 
chromatography (HPLC) on the D-100 Hemoglobin Testing 
System (BioRad Laboratories, Redmond, WA, USA). The 
inter- and intra-assay coefficients of variation (CV) were 
1.46% and 0.93%, respectively.

Statistical analysis

Intergroup comparisons were performed with the Student 
t-test in case of variables with normal distribution (i.e. IGF-
I, BP-3, HbA1c, BMI), while the Mann–Whitney U-test was 
used in all other cases (i.e. GHP, SGH, age, blood glucose, 
ring size). The Chi square test and the Fisher’s exact test 
were used to evaluate the association between categorical 
variables. Concordance between normal IGF-I and GHP 
or SGH respectively was determined by Kappa statistic. 
Univariate analysis were performed in order to define the 
association between IGF-I and each of all analyzed vari-
ables (gender, age, BMI, ring size, neurosurgery, GHP, SGH, 
IGF-BP3, HbA1c). A logistic regression model was also cal-
culated by considering all variables previously associated to 
IGF-I levels. Correlation coefficients between BMI and GHP 
or SGH respectively were calculated using the Spearman 
rank order R. Assessment of the predictive discrimination 
of both GHP and SGH values to IGF-I normalization was 
made using the ROC curve. Then, sensitivity and specificity 
values for the different GH cutoff values applied in the study 
were calculated. Furthermore, the best-fitting GH values 
were computed for both GHP and SGH. For BMI analysis, 
ANOVA was performed.

Statistical analysis and figures were performed using 
MedCalc™, version 18.11.3.

Results

We studied 100 patients with acromegaly in SRLs (72 F; 
median age 64 years, IQR 53.5–71 years; median IGF-I 
209 ng/ml, IQR 158.5–268.5 ng/ml; median IGF-I ULN 
0.79, IQR 0.64–1.15; median IGFBP-3 2.6  µg/l, IQR 
2.2–3.2 µg/l). Clinical data of patients at diagnosis and at 
enrollment are reported in Table 1.

We divided subjects in responders to SRLs (SRLs-R, 
n = 68) and partial responders (SRLs-PR, n = 32) based on 

IGF-I values. The two groups did not significantly differ 
for any of the analyzed variables, except than acromegaly 
disease control (Table 1).

Considering all patients, GHP (1.2  ng/ml, IQR 
0.5–2.3 ng/ml) resulted significantly lower (p = 0.001) than 
SGH (1.9 ng/ml, IQR 1.0–3.6 ng/ml).

Accuracy of GHP with a cut-off set at 2.5 ng/ml was 81%, 
with a Kappa index of 0.520, therefore showing a moderate 
concordance with IGF-I. Nineteen patients over 100 showed 
discrepancy, of which 15 as ‘High IGF-I’ pattern and 4 as 
‘High GHP’ one.

Accuracy of SGH with a cut-off set at 1 ng/ml was 55%, 
with a Kappa index of 0.237, therefore showing a poor con-
cordance with IGF-I, lower than the one of GHP. Forty-five 
patients over 100 showed discrepancy, of which 1 as ‘High 
IGF-I’ pattern and 44 as ‘High GHP’ one.

In SRLs-R, IGF-I (170.0 ng/ml; IQR 138.0–210.0 ng/
ml—ULN 0.70; IQR 0.55–0.79) and IGFBP-3 levels 
(2.4 µg/l; IQR 2.0–2.8 µg/l) were normal for age. Median 
GHP levels (0.9 ng/ml; IQR 0.4–1.5 ng/ml) resulted sig-
nificantly lower (p < 0.001) than SGH (1.5 ng/ml; IQR 
0.7–2.7 ng/ml). About 94% (64/68) of patients SRLs-R (with 
normal IGF-I values) had GHP < 2.5 ng/ml and about 35% 
(24/68) had SGH < 1 ng/ml.

In SRLs-PR, IGF-I (350.5 ng/ml; IQR 258.0–468.5 ng/
ml—ULN 1.30; IQR 1.16–1.61) and IGFBP-3 levels 
(3.2  µg/l, IQR 2.7–4.1  µg/l) were significantly higher 
(p < 0.001) than SRLs-R ones. GHP levels (2.6 ng/ml; IQR 
1.7–4.1 ng/ml) resulted similar (p = 0.314) to SGH ones 
(3.2 ng/ml; IQR 2.0–4.5 ng/ml), but significantly higher 
(p < 0.001) than SRLs-R ones (Table 1). Similarly, SGH 
was significantly higher (p < 0.001) than in SRLs-R. About 
47% (15/32) of patients SRLs-PR (with pathological IGF-I 
values) had GHP < 2.5 ng/ml and about 3% (1/32) had SGH 
< 1 ng/ml.

In univariate analysis (Table 2) we studied the associa-
tion between GHP, SGH, IGFBP-3, HbA1c, age, body mass 
index (BMI), ring size (RS), gender and previous neurosur-
gery (NS) and disease activity control (normal IGF-I). GHP 
(p < 0.0001), SGH (p = 0.0004), IGFBP-3 (p < 0.001) were 
negatively associated to normal IGF-I. Blood glucose and 
HbA1c showed a trend as negative predictors though not 
statistically significant (p = 0.075 and 0.067, respectively). 
Age, BMI, RS, gender and previous NS did not show asso-
ciation to IGF-I.

Thereafter we performed a multivariable analysis by 
considering all previously associated variables (GHP, 
SGH, IGFBP-3, blood glucose and HbA1c). To avoid 
overfitting, we obtained two different models. In the first 
one, GHP, SGH, IGFBP-3 and blood glucose were consid-
ered (p < 0.0001, AUC 0.900, 95% CI 0.823–0.951). GHP 
(p = 0.002) and IGFBP-3 (p = 0.004) proved to be negative 
independent predictors of normal IGF-I. Association of SGH 
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and blood glucose with normal IGF-I did not result signifi-
cant (Table 3).

In the second one, GHP, SGH, IGFBP-3 and HbA1c were 
studied (p < 0.0001, AUC 0.900, 95% CI 0.822–0.951). 
GHP (p = 0.002) and IGFBP-3 (p = 0.003) proved to be 
negative independent predictors of normal IGF-I. Associa-
tion of SGH and HbA1c and normal IGF-I did not result 
significant (Table 3). Successively, we separately analyzed 
GHP and SGH to overcome collinearity problem (since 
SGH was GHP first value). At first, we used a model with 
GHP, IGFBP-3, blood glucose and HbA1c (p < 0.0001, 
AUC 0.893, 95% CI 0.814–0.946). Both GHP (p = 0.0003) 
and IGFBP-3 (p = 0.002) were confirmed to be good nega-
tive predictors of normal IGF-I; neither blood glucose nor 
HbA1c were statistically associated (Table 4).

Secondly, we used SGH, IGFBP-3, blood glucose and 
HbA1c (p < 0.0001, AUC 0.845, 95% CI 0.758–0.910). 
In this case IGFBP-3 proved to be the best predictor 
(p = 0.0002) while SGH (p = 0.0161) had a lower negative 
predictive power. Neither blood glucose nor HbA1c resulted 
significantly associated (Table 4).

Finally, we performed ROC curves for normal IGF-I for 
both SGH and GHP, finding that GHP had a better accuracy 
than SGH (AUC 0.859, CI 95% 0.775–0.920 vs 0.740, IC 

Table 1  Clinical and hormonal data of acromegaly patients

Statistically significant results are given in bold
* Comparison between SRLs-R and SRLs-PR
SRLs-R responder group, SRLs-PR partial responder group, IGF-I insulin-like growth factor-I, GH growth hormone, GHP growth hormone pro-
file, SGH single fasting growth hormone, IGF-BP3 IGF-I binding protein 3, HbA1c glycosylated hemoglobin, BMI body mass index

All
n = 100

SRLs-R
n = 68

SRLs-PR
n = 32

p-value*

Gender (F/M) 72/28 52/16 20/12 0.225
Age at diagnosis (years); mean (IC 95%) 52.2 (49.7–59.7) 51.1 (48.3–54.0) 54.4 (49.3–59.5) 0.230
Adenoma size at diagnosis (mm); median (IQR) 10.5 (9.0–18.0) 11.0 (9.0–16.0) 10.0 (9.0–20.0) 0.914
Macroadenoma at diagnosis (%) 74.0 73.5 75.0 0.930
IGF-I at diagnosis (ng/ml); median (IQR) 634.0 (435.5–893.0) 634.0 (428.0–892.0) 670.0 (472.0–962.0) 0.437
ULN IGF-I at diagnosis; median (IQR) 2.13 (1.38–3.01) 2.01 (1.33–2.82) 2.30 (1.58–4.02) 0.092
GH at diagnosis (ng/ml); median (IQR) 8.1 (4.0–15.0) 8.3 (4.7–15.0) 6.3 (4.0–15.0) 0.340
Pituitary surgery (%) 36.0 43.0 25.0 0.177
Octreotide (%) at enrollment 74 76.5 68.8 0.564
Lanreotide (%) at enrollment 26 23.5 31.2 0.564
Age at enrollment (years); median (IQR) 64.0 (53.5–71.0) 63.5 (53.5–72.0) 64.0 (52.0–67.0) 0.442
IGF-I at enrollment (ng/ml); median (IQR) 209.0 (158.5–268.5) 170.0 (138.0–210.0) 350.5 (258.0–468.5) < 0.001
ULN IGF-I at enrollment; median (IQR) 0.79 (0.64–1.15) 0.70 (0.55–0.79) 1.30 (1.16–1.61) < 0.001
GHP at enrollment (ng/ml); median (IQR) 1.2 (0.5–2.3) 0.9 (0.4–1.5) 2.6 (1.7–4.1) < 0.001
SGH at enrollment (ng/ml); median (IQR) 1.9 (1.0–3.6) 1.5 (0.7–2.7) 3.2 (2.0–4.5) < 0.001
IGF-BP3 at enrollment (µg/l); median (IQR) 2.6 (2.2–3.2) 2.4 (2.0–2.8) 3.2 (2.7–4.1) < 0.001
Blood glucose at enrollment (mg/dl); median (IQR) 93.5 (86.0–111.0) 92.0 (85.0–108.) 95.5 (91.0–115.0) 0.132
HbA1c at enrollment (%); median (IQR) 6.0 (5.7–6.5) 5.9 (5.6–6.4) 6.2 (5.8–6.4) 0.058
BMI at enrollment (kg/m2); median (IQR) 26.3 (23.3–28.3) 25.5 (23.3–28.7) 26.8 (24.4–28.3) 0.502

Table 2  Univariate analysis between normal IGF-I and other varia-
bles (GHP, SGH, IGF-BP3, HbA1c, age, BMI, Ring Size, gender and 
neurosurgery)

Statistically significant results are given in bold
IGF-I insulin-like growth factor-I, GH growth hormone, GHP growth 
hormone profile, SGH single fasting growth hormone, IGF-BP3 
IGF-I binding protein 3, HbA1c glycosylated hemoglobin, BMI body 
mass index, RS ring size, NS neurosurgery

Normal 
IGF-I

Coefficient Std. error p-value OR CI 95% OR

GHP − 1.070 0.240 < 0.0001 0.343 0.214–0.550
SGH − 0.333 0.107 0.0004 0.717 0.580–0.884
IGF-BP3 − 1.500 0.351 < 0.0001 0.223 0.112–0.444
Blood 

glucose
− 0.015 0.009 0.075 0.985 0.968–1.002

HbA1c − 0.580 0.322 0.067 0.560 0.297–1.053
Age at 

enroll-
ment

0.016 0.017 0.351 1.016 0.983–1.050

BMI 0.006 0.048 0.902 1.006 0.915–1.105
RS − 0.056 0.109 0.605 0.945 0.763–1.170
Gender (F) 0.668 0.464 0.152 1.950 0.786–4.839
NS 0.742 0.477 0.110 2.100 0.825–5.347
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95% 0.643–0.832; difference between areas 0.119, CI 95% 
0.061–0.176, p = 0.0001).

The best diagnostic accuracy of SGH was at 2.3 ng/ml, 
with a sensitivity of 70.6% and specificity of 71.9%, a posi-
tive likelihood ratio (LR) of 2.51 and a negative LR of 0.41 
(Fig. 1).

Setting the cut-off for SGH at 1 ng/ml as described in 
literature, statistical performance was sensitivity of 35.3% 
and specificity of 93.7%, a positive LR 5.65 and a negative 
LR 0.69 (Fig. 1).

As far as GHP, the best cut-off was 1.65 ng/ml, with a 
sensitivity of 79.4% and specificity of 78.1%, a positive LR 
of 3.63 and a negative LR of 0.26 (Fig. 1). Setting cut-off 
for GHP at 2.5 ng/ml as described in literature, statistical 

performance was sensitivity 94.1% of and specificity of 
50.0%, positive likelihood ratio (LR) of 1.88 and a negative 
LR of 0.12 (Fig. 1).

Finally, to test whether the difference in the accuracy 
between GHP and SGH was effectively related to the sam-
pling protocol (and not only due to the chosen cut-off), we 
also evaluated accuracy of SGH and GHP setting converse 
cut-off, which means 2.5 ng/ml for SGH and 1 ng/ml for 
GHP.

ROC for SGH set at cut-off of 2.5 ng/ml showed a sen-
sitivity of 72.1% and specificity of 56.3%, with a positive 
LR 1.65 and a negative LR 0.5, with a worst statistic per-
formance than GHP at the same cut-off (sensitivity 94.1% 

Table 3  Multivariable regression between normal IGF-I and all variables associated at univariate analysis (GHP, SGH, IGFBP-3, blood glucose 
and HbA1c), differently combined in fitted models

Statistically significant results are given in bold
IGF-I insulin-like growth factor-I, GHP growth hormone profile, SGH single fasting growth hormone, IGF-BP3 IGF-I binding protein 3, HbA1c 
glycosylated hemoglobin

Normal IGF-I Coefficient Std. error p-value OR CI 95% OR

GHP − 1.080 0.348 0.002 0.399 0.172–0.672
SGH 0.139 0.181 0.441 1.150 0.806–1.640
IGFBP-3 − 1.18 0.413 0.004 0.306 0.136–0.688
Blood glucose − 0.009 0.013 0.498 0.99 0.967–1.016

Normal IGF-I Coefficient Std. error p-value OR CI 95% OR

GHP − 1.061 0.347 0.002 0.328 0.168–0.639
SGH 0.127 0.182 0.487 1.135 0.794–1.622
IGFBP-3 − 1.213 0.414 0.003 0.297 0.132–0.669
HbA1c − 0.517 0.434 0.233 0.596 0.255–1.395

Fig. 1  Comparison between GH 
Profile (GHP) and single fasting 
GH (SGH) ROC curves
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of and specificity of 50.0%, positive LR 1.88 and negative 
LR 0.12) (Fig. 1).

ROC for GHP set at cut-off of 1 ng/ml showed a sen-
sitivity of 58.8% and specificity of 93.8%, with a positive 
LR of 9.41 and a negative of LR 0.44, with a better accu-
racy than SGH for the same cut-off (sensitivity of 35.3% 
and specificity of 93.7%, positive LR 5.65 and negative LR 
0.69) (Fig. 1).

In order to further improve test accuracy, we tried to find 
confounding variables according to which the diagnostic 
cut-off should have been adjusted.

Both SGH (Spearman’s coefficient = − 0.220, p = 0.029) 
and GHP (Spearman’s coefficient = − 0.275, p = 0.006) 
showed significant negative correlation to BMI.

Therefore, as far as SGH, we divided our population in 
ranks according to their BMI (≤ 25 kg/m2, n = 43; 25–30 kg/

m2, n = 39; ≥ 30 kg/m2, n = 18) and we found significant dif-
ference among them (p = 0.045). At post-hoc analysis, dif-
ference was confirmed between normal weight and obese 
(p < 0.05) and between overweight and obese (p < 0.05) 
(Fig. 2). According to this finding, we performed two dif-
ferent ROC curves for SGH in obese patients and not obese 
patients. In obese patient, the cut-off for SGH with the best 
diagnostic accuracy was 0.8 ng/ml, (AUC 0.937, sensitivity 
83.3% and specificity 100%, positive LR 2.00 and negative 
LR 0.17), while in not obese patients the SGH best perfor-
mance is confirmed at a cut-off value of 2.3 ng/ml, (AUC 
0.684, sensitivity 66.0% and specificity 69.2%, positive LR 
2.15 and negative LR 0.49) (Fig. 3).

To test whether any grade of weight alteration could exert 
an action over GH secretion, we repeated ROC curves con-
sidering obese and overweight patients together in a unique 

Table 4  Multivariable regression between normal IGF-I and IGFBP-3, blood glucose, HbA1c, GHP (a) or SGH (b)

Statistically significant results are given in bold
IGF-I insulin-like growth factor-I, GHP growth hormone profile, SGH single fasting growth hormone, IGF-BP3 IGF-I binding protein 3, HbA1c 
glycosylated hemoglobin

(a)

Normal IGF-I Coefficient Std. error p-value OR CI 95% OR

GHP − 0.902 0.248 0.0003 0.406 0.250–0.659
IGFBP-3 − 1.280 0.414 0.002 0.278 0.123–0.626
Blood glucose 0.004 0.016 0.818 1.004 0.972–1.036
HbA1c − 0.621 0.585 0.289 0.537 0.171–1.693

(b)

Normal IGF-I Coefficient Std. error p-value OR CI 95% OR

SGH − 0.287 0.119 0.016 0.750 0.594–0.950
IGFBP-3 − 1.476 0.394 0.002 0.228 0.106–0.494
Blood glucose 0.001 0.014 0.970 1.001 0.974–1.028
HbA1c − 0.653 0.546 0.231 0.520 0.179–1.516

Fig. 2  Single fasting GH (SGH) and GH profile (GHP) ranks according to BMI. *p < 0.05 Comparison between Group a and Group c. 
**p < 0.05 Comparison between Group b and Group c
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group. We found that in this subset of studied population 
the cut-off for SGH which had the best diagnostic accuracy 
was 1.9 ng/ml (AUC 0.772, sensitivity 69.4% and specific-
ity 78.9%, positive LR 3.3 and negative LR 0.39), while in 
normal weight patients SGH has the best performance at a 
cut-off value of 1.7 ng/ml (AUC 0.670, sensitivity 50.0% 
and specificity 90.9%, positive LR 5.5 and negative LR 0.55) 
(Fig. 4).

Subsequently we compared how GHP distributed in dif-
ferent groups according to their BMI (≤ 25 kg/m2, n = 43; 
25–30 kg/m2, n = 39; ≥ 30 kg/m2, n = 18) and we found 
significant difference (p = 0.024). At post-hoc analysis, dif-
ference was confirmed between normal weight and obese 

(p < 0.05) and between overweight and obese (p < 0.05) 
(Fig. 2). According to this finding, we performed two dif-
ferent ROC curves for GHP in obese patients and in not 
obese patients. In obese patient the cut-off for GHP, which 
had the best diagnostic accuracy, was 0.7 ng/ml (AUC 1.000, 
sensitivity 100% and specificity 100%, positive LR 1.20 and 
negative LR 0.07), while in not obese patients GHP has the 
best performance at a cut-off value of 1.65 ng/ml (AUC 
0.819, sensitivity 75% and specificity 76.9%, positive LR 
3.25 and negative LR 0.32) (Fig. 3).

Repeating ROC curves considering obese and overweight 
patients together in a unique group, we found that the cut-
off for GHP which had the best diagnostic accuracy was 

Fig. 3  Comparison between GH Profile (GHP) and single fasting GH (SGH) ROC curves, according to BMI: A (BMI < 30  kg/m2); B 
(BMI ≥ 30 kg/m2)

Fig. 4  Comparison between GH Profile (GHP) and single fasting GH (SGH) ROC curves, according to BMI: A (BMI < 25  kg/m2); B 
(BMI ≥ 25 kg/m2)
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1.02 ng/ml (AUC 0.893, sensitivity 69.4% and specificity 
94.7%, positive LR 13.19 and negative LR-032), while in 
normal weight patients GHP has the best performance at a 
cut-off value of 2.3 ng/ml (AUC 0.786, sensitivity 93.7% 
and specificity 63.6%, positive LR 2.58 and negative LR 
0.10) (Fig. 4).

Comparing ROC curves for normal IGF-I for both 
GHP and SGH in not obese patients, GHP still had a bet-
ter accuracy than SGH (difference between areas 0.135, CI 
95% 0.066–0.204, p = 0.0001). Considering obese patients 
only, comparison of ROC curves for normal IGF-I did not 
show significant difference between GHP and SGH, instead 
(difference between areas 0.063, CI 95% 0.055–0.180, 
p = 0.298).

Dividing the population into two groups considering 
overweight and obese patients together, in comparison 
with normal weight patients, we found that GHP still had 
a better accuracy than SGH in both groups (normal weight 
group: difference between areas 0.115, CI 95% 0.002–0.229, 
p = 0.004 and obese/overweight patients: difference between 
areas 0.121, CI 95% 0.04–0.203, p = 0.004).

Discussion

Our study demonstrates that GH profile has a better accuracy 
in defining appropriate acromegaly disease control under 
SRLs treatment than single fasting GH determination, which 
is less representative. Disease activity can be evaluated in 
many ways, GH and IGF-I concentrations being the main 
biochemical markers used to assess the response to treat-
ment. Their levels have been associated with prognosis [21]: 
in particular lowering GH to “safe” levels and normaliz-
ing IGF-I in patients with acromegaly results in mortality 
rates similar to those expected in the general population, 
as recommended by guidelines [2, 12, 13]. Although the 
biochemical target for GH concentration has changed over 
time, this is not the case for IGF-I that, in everyday clini-
cal practice, is considered the most feasible parameter. By 
definition, both in the past and nowadays, IGF-I levels are 
considered normal when within age-adjusted limits. GH cut-
off values, instead, have been modified over time for two 
main reasons: the assays used to assess GH changed over 
the years (currently ultra-sensitive assays are used) and the 
accumulated evidence in literature, that had progressively 
lowered GH value to target for a normalized standardized 
mortality rate (SMR). According to the earlier criteria [9], 
biochemical goals to normalize mortality were GH < 2.5 ng/
ml or GH nadir during glucose load < 1.0 ng/ml and normal 
IGF-I levels. Using these limits, Dekkers et al.[5] showed in 
a metanalysis that the SMR were still increased at 1.09, but 
the included studies were mainly conducted in patients with 
acromegaly treated with trans-sphenoidal surgery, while 

with current effective medical treatments, the SMR out-
come could be different. Holdaway et al. [2] demonstrated, 
in a New Zealand cohort of patients with acromegaly, that a 
single GH < 1.0 ng/ml (analyzed by ultra- sensitive assays) 
was associated with normalization of mortality. More 
recent consensus statements [14, 15] introduced new limits 
(SGH < 1.0 ng/ml) according to the evidence that lowering 
GH cut- off decreases mortality rate.

In a systematic review, Bolfi e et al. [22] confirmed that 
mortality in acromegaly is normalized with biochemical 
control (generally defined in included studies as normal 
IGF-I and random GH < 2.5 ng/mL and in one study as 
IGF-1 levels below 1.2 times the upper limit of normal). 
Moreover they performed a subgroup analysis according 
to the treatment modality and found that when SRLs was 
available as adjuvant therapy, mortality in acromegaly was 
not different from general population; on the other hand it 
was significantly higher when only surgery and radiotherapy 
were available.

In our experience, patients that before 2010 were con-
sidered responsive to SRLs (because they showed mean 
GH p < 2.5 ng/ml and normal IGF-I levels), after 2010 fre-
quently had to be considered not well controlled because 
they showed SGH > 1 ng/ml. This could be due to different 
reasons.

In acromegaly, GH secretion showed a highly pulsatile 
nature: therefore, a single random GH sample could possibly 
not reflect the prevailing daily hormonal output. However, a 
very detailed paper comparing validity of the intensiveness 
of GH measurements confirmed good correlations between 
a single GH measurement and both a mean GH calculated 
from five samples at predetermined times and a mean GH 
concentration from 24-h profiles [23]. Anyway, the authors 
conclude that even though this could be true at estimating 
a total magnitude of GH hypersecretion in epidemiological 
studies, random GH is not very reliable in each individual 
patient.

Moreover, using single GH measurement, it can be influ-
enced by a huge biological variability [20]. It is known that 
chronic inflammatory disorders, anorexia nervosa, poorly 
controlled diabetes mellitus, renal failure, hypothyroidism, 
malnutrition as well as OE treatment [21, 24] can emphasize 
GH/IGF-I discrepancy. This evidence was confirmed in Bel-
gium acromegaly register [16, 17] in which most of patients 
who showed GH/IGF-I discrepancy were young female on 
OE treatment. In our population none of confounding factor 
was present, in fact no woman was under OE, all diabetic 
patients had a good glucose metabolism control (median 
HbA1c 6.0%, IQR 5.7–6.5%) and no renal or liver failure 
or malnutrition cases were described. The meta-analysis by 
Kanakis et al. [24] showed, analyzing the data of a large 
series of treated patients, a discrepancy in GH/IGF-I of 
25.7%; the majority concerned the so called “high IGF-I 
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type” (15.3%), whereas the opposite type (“high GH” dis-
crepancy) was observed in 11.1%. The authors underlined 
that the employment of sharp GH cut-offs resulted in sig-
nificantly higher discordance rates.

Focusing on patient under medical treatment with SRLs, 
discordant rates are higher in such a subset of acromegaly 
population, the predominant pattern of discordance being 
with high GH and normal IGF-I levels [19, 25, 26]. In this 
setting, use of the OGTT exhibits an even higher degree of 
discordance and provides no advantage for assessment of 
medical therapy outcomes, compared with measuring basal 
GH levels [25].

Consistently with these results, also Machado et al. [19] 
described a prevalence of discrepancy due to elevated GH 
levels and normal IGF-I in patients studied during treatment 
with octreotide LAR and did not found relevant reduction in 
the prevalence of discordance when the cut off level of GH 
was changed from 2.5 to 1 ng/ml, as was instead reported 
in other class of acromegaly patients (such as at diagnosis 
or after surgery), since still discordant even when reducing 
GH cut-off.

A more recent study by Campana et al. suggested using 
the mean of 3 GH measurements collected during consecu-
tive routine patients’ evaluations, as it mitigates the impact 
of GH cutoffs on discordance with IGF-I [27].

In our study, SGH < 1 ng/ml showed an accuracy of 55%, 
GH p < 2.5 ng/ml of 81%.

However, as much as 53% of patients with safe GHP lev-
els had pathological IGF-I: in this subset of studied popula-
tion, mean IGF-I levels showed a trend to be lower (p = 0.07) 
than those of subjects in which concordance between patho-
logical IGF-I and elevated GHP was found. This could mean, 
probably a lower disease activity. As previously mentioned, 
discrepancy between GH and IGF-I depends in part on the 
cut-off used for GH measurement [28–30] and even on avail-
ability of highly sensitive and specific new GH assays. Com-
parison of GH levels measured in traditional versus modern 
techniques has shown, as expected, that GH levels analyzed 
by more recent ones are significantly lower than those 
detected by polyclonal radioimmunoassays (RIA). In addi-
tion, the inability to convert between older and newer values 
is a problem because important epidemiological data, which 
have been traditionally used as a guide for therapeutic deci-
sions, were derived largely from GH measurements made 
by polyclonal RIA. The heterogeneity of modern assays, 
characterized by antibody specificity and different reference 
preparations [30] is a further complication. The mentioned 
limitation about variability of SGH can be partially over-
come with the use of serial GH samples in the day. Anyway, 
even the most stringent sampling procedure does not always 
differentiate between health and disease. In fact, it has been 
demonstrated that, especially in patients with milder disease 
activity, mean 24-h GH levels can overlap between active 

acromegaly subjects and healthy controls [31] suggesting 
that the quality of secretion is the more important drive for 
IGF-I synthesis.

Faje et al. indeed demonstrated that, if it is confirmed that 
plasma IGF-I concentrations correlates with mean 24-h GH 
concentrations, this relationship is dependent exclusively on 
the interpulse nadir GH levels and not on GH pulses [32].

Since 24 h GH profile is very time and cost-consuming, 
various protocols for the collection of GH curves (with no 
stimulus or suppression) were used by different groups to 
evaluate GH secretion. Currently there is no consensus 
for sample collection and different centers have distinct 
protocol.

Taboada et al. demonstrated a strong correlation both 
between basal and mean GH, obtained as the arithmetic 
mean of 5 samples collected with 30 min intervals level in 
patients receiving SSAs and concluded that there was no 
benefit to perform GH curves, at least with that protocol 
[33].

In our study, considering IGF-I value as gold standard, 
GHP (mean serum GH from a 5-points profile taken every 
30’) < 2.5 ng/ml acquired an important role in the evalua-
tion of disease control because of its sensitivity (94.1%). 
In reverse, SGH < 1 ng/ml demonstrated a high specificity 
(93.7%) but a low sensitivity (35.3%) and, therefore, it seems 
not to be that useful as it could no offer further informa-
tion to clinician in addition to IGF-I. In our population, 
ROC curves showed the best diagnostic accuracy for GH 
p < 1.65 ng/ml, while the most appropriate cut-off for SGH 
resulted to be 2.3 ng/ml.

Previous studies found quite similar cut-offs: Cozzi et al. 
found out that normal IGF-I was predicted by the GH value 
of 1.8 µg/l in males and 2.4 µg/l in females [26]; according 
to Campana et al., instead, the best-fitting single fasting GH 
cut-off was1.63 µg/l [27].

As mentioned before, it could be argued that the better 
accuracy of GHP in defining disease control could be related 
to the chosen cut-off, lower for the SGH than for GHP, since 
the cut-off highly impacts the concordance between GH 
and IGF-I. However, setting a cut-off for SGH at 2.5 ng/
ml showed a worst diagnostic performance than GHP; con-
versely, GHP cut-off set to 1 ng/ml still had a better accuracy 
than SGH. Therefore, the difference in the accuracy between 
GHP and SGH seems to be effectively related to the sam-
pling protocol and not only to the chosen cut-off.

So far as for the comparison between GHP and SGH; 
however, it is known that other factors, such as BMI, could 
influence GH secretion, through an inhibitory effect, both 
in acromegaly and normal patients [34]. Obese individu-
als show significantly lower GH concentrations at baseline 
and during many stimulation tests, but also exhibit more 
pronounced suppression of GH secretion during OGTT in 
healthy subjects [20, 34]
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Vierhapper et al. demonstrated that serum GH measure-
ments obtained during an OGTT in acromegalic patients 
both before and after transsphenoidal surgery must be inter-
preted individually, by comparison to control values, taking 
into account both age and BMI [35].

Indeed, our data confirmed that it could be useful to 
identify BMI-related cut-off for GHP and SGH also in acro-
megalic patients under SRLs, to improve their diagnostic 
accuracy, especially in obese population. Moreover, in such 
a subset of patients, the difference in accuracy between GHP 
and SGH seems to be lost.

Our study presents some limitations. First of all, we 
assumed disease control to be adequately express only 
through IGF-I levels. Clinical parameters, such as the onset 
of acromegaly comorbidities or perceived quality of life, 
could help in better defining disease activity.

Secondly, SGH levels were derived from GHP, being the 
first sample of the profile.

Thirdly, the used protocol of GH sampling did not allow 
us to calculate mean nadir GH, which has been demonstrated 
by Faje et al. [32] to be effectively correlated to IGF-I levels, 
due to the too low intensiveness.

Moreover, we did not utilize a modern platform for IGF-I 
measurement incorporating LC/MS: this could possibly 
impact the applicability of the results.

Eventually, the cross-sectional design of the study did 
not allow a longitudinal investigation whether patients with 
‘high GH’, as SGH or as GHP, actually would show some 
difference in acromegaly disease history.

In conclusion, the high sensitivity and very low specific-
ity of the SGH value does not seem to make it a reliable test 
to assess the control of disease during SRLs therapy and 
eventually to decide a titration in therapy. When an addi-
tional parameter to IGF-I, considered the most reliable in 
the monitoring of therapy, is necessary in defining disease 
control, the use of BMI-related cut-off and/or multiple deter-
minations (as in GHP) should be taken into consideration.

Author contributions CB and SG conceived and design the study. CB, 
NP, FB, AMB and MPC performed the data analysis and the manu-
script writing. VG, EG and SG were in charge for overall direction 
and planning. All authors discussed the results and contributed to the 
final manuscript.

Funding Open access funding provided by Università degli Studi di 
Torino within the CRUI-CARE Agreement.

Declarations 

Conflict of interest There is no conflict of interest that could be per-
ceived as prejudicing the impartiality of the research reported.

Compliance with ethical standards The study was performed in ac-
cordance with the ethical standards of the institutional and/or national 

research committee and with the 1964 Declaration of Helsinki and its 
later amendments or comparable ethical standards.

Research involving human participants and/or animals The study 
was conducted according to the regulations established by the Clinical 
Research and Ethics Committee and to the Helsinki Declaration of 
the World Medical Association and that it was approved by the Ethics 
Committee of the “A.O.U. Città della Salute e della Scienza”, Univer-
sity Hospital of Turin.

Informed consent All subjects gave their informed consent to par-
ticipate.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Holdaway IM, Rajasoorya RC, Gamble GD (2004) Factors influ-
encing mortality in acromegaly. J Clin Endocrinol Metab 89:667–
674. https:// doi. org/ 10. 1210/ jc. 2003- 031199

 2. Holdaway IM, Bolland MJ, Gamble GD (2008) A meta-analysis of 
the effect of lowering serum levels of GH and IGF-I on mortality 
in acromegaly. Eur J Endocrinol 159:89–95. https:// doi. org/ 10. 
1530/ EJE- 08- 0267

 3. Biermasz NR, Dekker FW, Pereira AM et al (2004) Determinants 
of survival in treated acromegaly in a single center: predictive 
value of serial insulin-like growth factor I measurements. J Clin 
Endocrinol Metab 89:2789–2796. https:// doi. org/ 10. 1210/ jc. 
2003- 032041

 4. Swearingen B, Barker FG, Katznelson L et al (1998) Long-term 
mortality after transsphenoidal surgery and adjunctive therapy for 
acromegaly. J Clin Endocrinol Metab 83:3419–3426. https:// doi. 
org/ 10. 1210/ jcem. 83. 10. 5222

 5. Dekkers OM, Biermasz NR, Pereira AM et al (2008) Mortality in 
acromegaly: a metaanalysis. J Clin Endocrinol Metab 93:61–67. 
https:// doi. org/ 10. 1210/ jc. 2007- 1191

 6. Ayuk J, Clayton RN, Holder G et al (2004) Growth hormone and 
pituitary radiotherapy, but not serum insulin-like growth factor-
I concentrations, predict excess mortality in patients with acro-
megaly. J Clin Endocrinol Metab 89:1613–1617. https:// doi. org/ 
10. 1210/ jc. 2003- 031584

 7. Bates AS, Van Hoff W, Jones JM, Clayton RN (1993) An audit of 
outcome of treatment in acromegaly. Q J Med 86:293–299

 8. Orme SM, McNally RJ, Cartwright RA, Belchetz PE (1998) Mor-
tality and cancer incidence in acromegaly: a retrospective cohort 
study. United Kingdom Acromegaly Study Group. J Clin Endo-
crinol Metab 83:2730–2734. https:// doi. org/ 10. 1210/ jcem. 83.8. 
5007

 9. Acromegaly Therapy Consensus Development Panel (1994) 
Consensus statement: benefits versus risks of medical therapy for 
acromegaly. Am J Med 97:468–473. https:// doi. org/ 10. 1016/ 0002- 
9343(94) 90327-1

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1210/jc.2003-031199
https://doi.org/10.1530/EJE-08-0267
https://doi.org/10.1530/EJE-08-0267
https://doi.org/10.1210/jc.2003-032041
https://doi.org/10.1210/jc.2003-032041
https://doi.org/10.1210/jcem.83.10.5222
https://doi.org/10.1210/jcem.83.10.5222
https://doi.org/10.1210/jc.2007-1191
https://doi.org/10.1210/jc.2003-031584
https://doi.org/10.1210/jc.2003-031584
https://doi.org/10.1210/jcem.83.8.5007
https://doi.org/10.1210/jcem.83.8.5007
https://doi.org/10.1016/0002-9343(94)90327-1
https://doi.org/10.1016/0002-9343(94)90327-1


1965Journal of Endocrinological Investigation (2022) 45:1955–1965 

1 3

 10. Jenkins D, O’Brien I, Johnson A et al (1995) The Birmingham 
pituitary database: auditing the outcome of the treatment of acro-
megaly. Clin Endocrinol (Oxf) 43:517–522. https:// doi. org/ 10. 
1111/j. 1365- 2265. 1995. tb029 13.x

 11. Giustina A, Barkan A, Casanueva FF et al (2000) Criteria for cure 
of acromegaly: a consensus statement. J Clin Endocrinol Metab 
85:526–529. https:// doi. org/ 10. 1210/ jcem. 85.2. 6363

 12. Melmed S, Casanueva F, Cavagnini F et al (2005) Consensus 
statement: medical management of acromegaly. Eur J Endocrinol 
153:737–740. https:// doi. org/ 10. 1530/ eje.1. 02036

 13. Melmed S, Colao A, Barkan A et  al (2009) Guidelines for 
acromegaly management: an update. J Clin Endocrinol Metab 
94:1509–1517. https:// doi. org/ 10. 1210/ jc. 2008- 2421

 14. Giustina A, Chanson P, Bronstein MD et al (2010) A consen-
sus on criteria for cure of acromegaly. J Clin Endocrinol Metab 
95:3141–3148. https:// doi. org/ 10. 1210/ jc. 2009- 2670

 15. Katznelson L, Laws ER, Melmed S et al (2014) Acromegaly: an 
endocrine society clinical practice guideline. J Clin Endocrinol 
Metab 99:3933–3951. https:// doi. org/ 10. 1210/ jc. 2014- 2700

 16. Daly AF, Rixhon M, Adam C et al (2006) High prevalence of 
pituitary adenomas: a cross-sectional study in the province of 
Liege, Belgium. J Clin Endocrinol Metab 91:4769–4775. https:// 
doi. org/ 10. 1210/ jc. 2006- 1668

 17. Alexopoulou O, Bex M, Abs R et al (2008) Divergence between 
growth hormone and insulin-like growth factor-i concentrations in 
the follow-up of acromegaly. J Clin Endocrinol Metab 93:1324–
1330. https:// doi. org/ 10. 1210/ jc. 2007- 2104

 18. Ronchi CL, Varca V, Giavoli C et al (2005) Long-term evaluation 
of postoperative acromegalic patients in remission with previous 
and newly proposed criteria. J Clin Endocrinol Metab 90:1377–
1382. https:// doi. org/ 10. 1210/ jc. 2004- 1974

 19. Machado EO, Taboada GF, Neto LV et al (2008) Prevalence of 
discordant GH and IGF-I levels in acromegalics at diagnosis, after 
surgical treatment and during treatment with octreotide LAR. 
Growth Horm IGF Res 18:389–393. https:// doi. org/ 10. 1016/j. 
ghir. 2008. 02. 001

 20. Schilbach K, Bidlingmaier M (2019) Laboratory investigations in 
the diagnosis and follow-up of GH-related disorders. Arch Endo-
crinol Metab 63:618–629. https:// doi. org/ 10. 20945/ 2359- 39970 
00000 192

 21. Neggers SJ, Kopchick JJ, Jørgensen JOL, van der Lely AJ (2011) 
Hypothesis: extra-hepatic acromegaly: a new paradigm? Eur J 
Endocrinol 164:11–16. https:// doi. org/ 10. 1530/ EJE- 10- 0969

 22. Bolfi F, Neves AF, Boguszewski CL, Nunes-Nogueira VS (2018) 
Mortality in acromegaly decreased in the last decade: a systematic 
review and meta-analysis. Eur J Endocrinol 179:59–71. https:// 
doi. org/ 10. 1530/ EJE- 18- 0255

 23. BajukStuden K, Barkan A (2008) Assessment of the magnitude 
of growth hormone hypersecretion in active acromegaly: reli-
ability of different sampling models. J Clin Endocrinol Metab 
93:491–496. https:// doi. org/ 10. 1210/ jc. 2007- 1451

 24. Kanakis GA, Chrisoulidou A, Bargiota A et al (2016) The ongoing 
challenge of discrepant growth hormone and insulin-like growth 
factor I results in the evaluation of treated acromegalic patients: 
a systematic review and meta-analysis. Clin Endocrinol (Oxf) 
85:681–688. https:// doi. org/ 10. 1111/ cen. 13129

 25. Carmichael JD, Bonert VS, Mirocha JM, Melmed S (2009) The 
utility of oral glucose tolerance testing for diagnosis and assess-
ment of treatment outcomes in 166 patients with acromegaly. J 
Clin Endocrinol Metab 94:523–527. https:// doi. org/ 10. 1210/ jc. 
2008- 1371

 26. Cozzi R, Attanasio R, Grottoli S et al (2004) Treatment of acro-
megaly with SS analogues: should GH and IGF-I target levels be 
lowered to assert a tight control of the disease? J Endocrinol Invest 
27:1040–1047. https:// doi. org/ 10. 1007/ BF033 45307

 27. Campana C, Cocchiara F, Corica G et al (2021) Discordant GH 
and IGF-1 results in treated acromegaly: impact of GH cutoffs and 
mean values assessment. J Clin Endocrinol Metab 106:789–801. 
https:// doi. org/ 10. 1210/ clinem/ dgaa8 59

 28. Gullu S, Keles H, Delibasi T et al (2004) Remission criteria for the 
follow-up of patients with acromegaly. Eur J Endocrinol 150:465–
471. https:// doi. org/ 10. 1530/ eje.0. 15004 65

 29. Puder JJ, Nilavar S, Post KD, Freda PU (2005) Relationship 
between disease-related morbidity and biochemical markers of 
activity in patients with acromegaly. J Clin Endocrinol Metab 
90:1972–1978. https:// doi. org/ 10. 1210/ jc. 2004- 2009

 30. Freda PU (2003) Pitfalls in the biochemical assessment of acro-
megaly. Pituitary 6:135–140. https:// doi. org/ 10. 1023/b: pitu. 00000 
11174. 79946. 10

 31. Dimaraki EV, Jaffe CA, DeMott-Friberg R et al (2002) Acro-
megaly with apparently normal GH secretion: implications for 
diagnosis and follow-up. J Clin Endocrinol Metab 87:3537–3542. 
https:// doi. org/ 10. 1210/ jcem. 87.8. 8658

 32. Faje AT, Barkan AL (2010) Basal, but not pulsatile, growth hor-
mone secretion determines the ambient circulating levels of insu-
lin-like growth factor-I. J Clin Endocrinol Metab 95:2486–2491. 
https:// doi. org/ 10. 1210/ jc. 2009- 2634

 33. Taboada GF, Correa LL, de Oliveira ME et al (2007) Two hour 
mean GH is not superior to basal GH for the follow-up of acro-
megalic patients treated with Octreotide LAR. Growth Horm IGF 
Res 17:77–81. https:// doi. org/ 10. 1016/j. ghir. 2006. 12. 003

 34. Schilbach K, Gar C, Lechner A et al (2019) Determinants of the 
growth hormone nadir during oral glucose tolerance test in adults. 
Eur J Endocrinol 181:55–67. https:// doi. org/ 10. 1530/ EJE- 19- 0139

 35. Vierhapper H, Heinze G, Gessl A et al (2003) Use of the oral glu-
cose tolerance test to define remission in acromegaly. Metabolism 
52:181–185. https:// doi. org/ 10. 1053/ meta. 2003. 50036

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/j.1365-2265.1995.tb02913.x
https://doi.org/10.1111/j.1365-2265.1995.tb02913.x
https://doi.org/10.1210/jcem.85.2.6363
https://doi.org/10.1530/eje.1.02036
https://doi.org/10.1210/jc.2008-2421
https://doi.org/10.1210/jc.2009-2670
https://doi.org/10.1210/jc.2014-2700
https://doi.org/10.1210/jc.2006-1668
https://doi.org/10.1210/jc.2006-1668
https://doi.org/10.1210/jc.2007-2104
https://doi.org/10.1210/jc.2004-1974
https://doi.org/10.1016/j.ghir.2008.02.001
https://doi.org/10.1016/j.ghir.2008.02.001
https://doi.org/10.20945/2359-3997000000192
https://doi.org/10.20945/2359-3997000000192
https://doi.org/10.1530/EJE-10-0969
https://doi.org/10.1530/EJE-18-0255
https://doi.org/10.1530/EJE-18-0255
https://doi.org/10.1210/jc.2007-1451
https://doi.org/10.1111/cen.13129
https://doi.org/10.1210/jc.2008-1371
https://doi.org/10.1210/jc.2008-1371
https://doi.org/10.1007/BF03345307
https://doi.org/10.1210/clinem/dgaa859
https://doi.org/10.1530/eje.0.1500465
https://doi.org/10.1210/jc.2004-2009
https://doi.org/10.1023/b:pitu.0000011174.79946.10
https://doi.org/10.1023/b:pitu.0000011174.79946.10
https://doi.org/10.1210/jcem.87.8.8658
https://doi.org/10.1210/jc.2009-2634
https://doi.org/10.1016/j.ghir.2006.12.003
https://doi.org/10.1530/EJE-19-0139
https://doi.org/10.1053/meta.2003.50036

	Mean GH profile is more accurate than single fasting GH in the evaluation of acromegaly disease control during somatostatin receptor ligands therapy
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	References




